Left ventricular to right atrial (LV-RA) shunt is an unusual type of ventricular septal defect (VSD). This article concentrates on acquired LV-RA shunts, which may be due to complications of cardiac operation, endocarditis, trauma or myocardial infarction. A previous cardiac operation is its most common cause. The diagnosis of LV-RA communication is not easy, and it should be remembered in patients who do not recover normally. Diagnosis can be confirmed with ultrasound or magnetic resonance image (MRI). Surgical correction is usually the treatment of choice, but closing the communication percutaneously should be considered as an option. #
Introduction
Rare complications are hazardous for the patient. Symptoms may be ignored or may mislead the diagnosis. A communication between left ventricular (LV) and right atrial (RA) is a good example. This rare type of ventricular septal defect (VSD), in acquired form, may result from complications of cardiac surgery such as valve replacements [1] or closure of VSD [2] , endocarditis [3] , trauma [4] , or myocardial infarction [5] . Diagnosis of this rare defect is challenging, but can be confirmed with ultrasound or magnetic resonance imaging (MRI) [1, 6] . The treatment of choice is surgical correction of the defect; however, a few case reports of successful trans-catheter closures have been published during the past five years [1, 2, [7] [8] [9] .
We reviewed the literature of acquired LV-RA.
Method
For the review of literature, PubMed and Ovid were searched from 1865 to February 2009 by using specific key words and Medical Subject Heading terms. The reference lists of these articles were also consulted. All articles in English were selected, as well as all articles in other languages that had English abstracts with enough information.
History
The literature comprises 271 congenital and 65 acquired cases. LV-RA communication is mentioned for the first time in the autopsy report of a congenital patient in 1838 [10] . Perry described the variations in the anatomy of this lesion and Kirkby published the first successful surgical correction [11, 12] . Gerbode described the first series of surgical corrections in 1958 [13] . An acquired LV-RA shunt was described for the first time as early as in 1926 [14] .
Anatomy
The tricuspid valve is located approximately 15 mm below the mitral valve. A thin part of the septum between them may be ruptured in case of injury and create a direct shunt from LV into RA. Such a complication can result from cardiac surgery [1] , endocarditis [3] , trauma [4] or myocardial infarction [5] . Anatomically, the defect may be above (type I), below the tricuspid valve (type II) or a combination of these two (type III) [11, 13, 15] (Fig. 1) . In the two latter cases, a perimembranous septal defect accompanies a second defect located in the tricuspid valve, usually in its septal leaflet. The tricuspid valve may have a cleft, widened commissural space, perforation or other malformations [15] [16] [17] . A case of abnormal chordae, which caused a regurgitation of the tricuspid valve, has also been described [18] .
Acquired defects
The incidence of LV-RA communications is 0.08% of all catheterised congenital defects, and 0.12% in autopsy material [19] . The only estimation of the incidence of postoperative, acquired LV-RA shunts dates from a period of time when the valve operations were infrequent. The material consisted of 310 operations and two LV-RA communications, revealing an incidence of 0.65% [20] . There are no estimations about the incidence of LV-RA shunts in patients with endocarditis, myocardial infarction or thoracic trauma. Acquired LV-RA shunts are more common in males (68% of all cases). The average age at diagnosis is 49 years (range from 2 to 86 years). Type I shunt is the prevailing one with an incidence of 76%, type II accounts for 16% and type III for the rest.
A previous cardiac operation is the most common cause of acquired LV-RA shunt ( Table 1) . The shunts are a consequence of aortic, mitral valve or VSD operations [2, [21] [22] [23] . From a technical point of view, excessive debridement of a heavily calcified annulus or an abscess cavity may cause weakening of the membranous septum, and lead to LV-RA shunt [24] . In addition to careful debridement, other operative techniques have also been suggested to prevent this complication. Marsten and Hildner recommended a slightly asymmetric position for the prosthetic ring of the aortic valve to avoid injury to the atrioventricular septum [24] . Re-operation has also been reported as a risk factor in five cases [1, 21, 22, 25, 26] . Acquired LV-RA shunt may also be transitory after endomyocardial biopsy [27] .
Endocarditis is the second most important cause of acquired LV-RA shunt. In the current literature, there are 26 cases with endocarditis as the probable cause of this shunt ( detectable. In four cases, endocarditis followed a prosthetic valve operation, which could both have accounted for the defect [23, [29] [30] [31] . The average age at endocarditis is 43 years, and men are overrepresented here, too (ratio 4 to 1). Endocarditis that causes LV-RA shunt typically affects the native aortic valve. On a few occasions, the infective mass has been detected in the native tricuspid or the mitral valve, in the right atrium or in the prosthetic aortic valve. The defect created was either type I (65%) or type II (26%). Type III was rare. Staphylococcus (40%) and Streptococcus (40%) species usually cause endocarditis. In the literature, one out of five patients survived with medical treatment, while 16 of 19 operated patients survived, a finding which favours the surgical treatment.
Myocardial infarction caused a LV-RA shunt in five cases [5, [32] [33] [34] [35] (Table 3 ); in one case it was accompanied by endocarditis [35] ; and the average age of patients was 72 years. Occlusion of the right coronary artery is most often the reason for this complication. Autopsy material shows that inferior infarctions with VSDs are more likely located in the basal septum and are complex [36] . A LV-RA defect is a severe complication of myocardial infarction, with mortality rate of 80%. This is concordant with the fact that infarctions with VSD have worse outcome when located inferiorly than anteriorly [37, 38] .
Trauma may also be the cause of a LV-RA shunt [4, [39] [40] [41] [42] [43] (Table 4 ). All trauma patients were young men at the time of injury. The cause of trauma was a blunt car accident in three cases and penetrating injury in the other three. However, only two patients developed pure LV-RA shunt, while the other cases had accompanying injuries: An older man suffered a thoracic gunshot injury during the Second World War, and 40 years later, he was operated successfully for a LV-RA shunt. The bullet was found in the ventral mediastinum [43] . In the other case, a 16-year-old man had a blunt trauma to the chest. The initial finding was a complete atrioventricular block. On a more detailed examination, a new LV-RA communication was discovered, which was operated without complications [4] . Acquired communications are typically corrected surgically (70% of all cases). However, during the past 10 years, about one-third of the defects have been closed percutaneously, with excellent results [1,2,7-9] (Table 5) . Surgical re-operation had only moderate success: of the 35 cases of postoperative LV-RA shunts published, 23 have been reoperated, five patients died after the operation and information on three patients is missing. Including only those with complete information, this gives a success rate of 75% (Table 1) . LV-RA shunts after endocarditis have been operated or treated medically, and no trans-catheter closures have been published. In addition, all defects caused by myocardial infarction and trauma that were operable, were treated surgically.
Diagnosis

Symptoms
Symptoms of LV-RA shunts vary from asymptomatic to severe heart failure and ultimately to death. The shunt from the high-pressure chamber (LV) to the low-pressure chamber (RA) easily overloads pulmonary circulation, causing congestion or oedema. Acute worsening in the patient's clinical condition should impose a shunt diagnosis [44] . Symptoms such as decreased functional capacity, shortness of breath and ankle swelling may also be due to associated conditions such as septicaemia in endocarditis, making the diagnosis of the shunt more difficult [21, 29] .
Physical signs
The finding on auscultation typically mimics that of VSD: Medium-to high-pitched holosystolic murmur of grade III to VI, maximal at the third or fourth intercostal space at the left sternal border [45] [46] [47] . A thrill is present in most cases. Evidence of right heart failure (elevated jugular venous pressure, liver pulsation, and peripheral oedema) is also common [44] . Rales may be heard in acute cases [21, 48] , when rapid onset of hypotension and jugular vein distension may mimic acute cardiac tamponade.
Electrocardiogram
The conduction system lies within the membranous septum. Therefore, it is not surprising that infection or laceration of this area damages conduction. Different degrees of atrioventricular block were found in 36% of the reported cases; 17% had ventricular hypertrophy, 10% nonspecific ST changes, and 23% a normal electrocardiogram. Of the 17 cases with atrioventricular block, 14 had suffered from endocarditis or trauma. In patients with endocarditis, different degrees of atrioventricular-blocks were overrepresented (43% of reported cases). Pacemaker was postoperatively implanted in one patient, and three more cases had severe conduction problems; two of them died [28, [49] [50] [51] . A third-degree atrioventricular block was found in two out of five trauma cases (40%) [4, 40] .
Echocardiogram and other non-invasive imaging modalities
With transthoracic echocardiogram, the best examination windows for LV-RA shunt are parasternal long-axis and apical five-chamber views [33] . Sometimes, it is difficult to distinguish separate VSD and tricuspid leaks from a LV-RA defect [52] ; high flow velocity of the shunt may also be misinterpreted as pulmonary hypertension [6] . However, misdiagnosis can be prevented by remembering to look for a LV-RA shunt, with a careful review of the jet direction and estimating pulmonary diastolic pressure from pulmonary regurgitation [6] . Other hints of LV-RA shunt are distension of right atrium and abnormal systolic bulging of septum to the left side [44] . With transthoracic echocardiogram, the shunt may be missed because of acoustic shadowing and eccentricity of the jet flow. Trans-oesophageal echocardiogram facilitates accuracy of the shunt diagnosis [21, 25, 48, 53] . Three-dimensional echocardiography is a volumetric technique, and the possibility to crop the data allows viewing the structures more systematically, and in relation to other structures. Therefore, it sometimes gives better information, and may reveal a hidden shunt [23, 54, 55] . Intracardiac echocardiography is useful for accurate measuring of the shunt tunnel during percutaneous closure procedure [1, 9] , and cardiac MRI can be used for detection and confirmation of the anatomy, morphology and shunt ratio (Fig. 2 , in on-line version also a MRI video available; see Video Image 1) [1, 2] .
Cardiac catheterisation
Cardiac catheterisation may be applied to confirm the diagnosis and to demonstrate the location and the size of the shunt. Increase in oxygen saturation at the right atrium level is invariably detected. This finding with intact atrial septum confirms LV-RA shunt diagnosis in most cases [15] . Right atrial and pulmonary pressures are usually elevated. The mean RA pressure was, on the average, 14 mm Hg (range 3-25 mm Hg), the average pulmonary pressures were 52/ 22 mm Hg (range 23/10-100/40 mm Hg) and the systemic to pulmonary flow ratios were on the average 2.4:1 (range 1.5:1-5:1). Injection of contrast media into the left ventricle ensures the diagnosis if it passes through the defect to the right atrium before right ventricle is filled [56, 57] .
Discussion
Acquired LV-RA shunts are rare. It is likely that the number of acquired defects increases over time because of the increasing rate of cardiac valve operations in the ageing population [20] . The diagnosis of LV-RA communication is not always easy, but a very careful echocardiography, or MRI may give the correct diagnosis. When the shunt is mixed with tricuspid regurgitation, the flow might lead to misdiagnosis of pulmonary hypertension [6] .
A murmur of LV-RA shunt is typical for VSD. This information, added to echocardiographic findings, together with enlarged RA, and in most cases increased jugular vein pressure, should keep one alert to the possibility of this rare shunt.
Most of significant LV-RA shunts have previously been closed surgically. However, shunts acquired after surgery are challenging. Re-operation is always a risk, and after previous excessive debridement of calcification, the correction of a shunt may be very demanding. These communications can be closed safely with a device, as shown in this report and in earlier publications [1, 2, [7] [8] [9] . Thus far, the literature comprises six successful cases. Five of these cases were done after one or more mitral valve operations, and one after VSD repair. All reported LV-RA shunts were type I defects. Other types of defects would have been very difficult to close with a device because of the close vicinity of the tricuspid valve. Three communications were closed with Amplatzer duct occluders, one with VSD and two with atrial septal defect (ASD) occluders. A non-significant shunt was detected postoperatively in four out of six procedures. There were no major complications. In addition, reports exist on nine congenital LV-RA shunts that have been closed successfully with a device [58, 59] .
The percutaneous method seems feasible for centres that manage complex trans-catheter procedures. In experienced hands, a catheter-based procedure with shorter hospital stay would be even safer than surgery. While acquired LV-RA shunts after myocardial infarction can also be closed percutaneously, none have been reported so far.
Although rare, endocarditis is the second most common reason for acquired LV-RA shunt. The shunt is easy to miss in endocarditis patients, who have fever and septicaemia. The general symptoms may mask a new shunt. With echocardiography the shunt will not be missed if the possibility of a communication is kept in mind. These communications must be operated, because percutaneous devices cannot be inserted during infection. LV-RA defects after trauma are extraordinary.
Conclusion
Acquired LV-RA defect is a rare type of VSD. The diagnosis of LV-RA communication is not always easy. The most important thing is to remember to look for this defect in patients who have suffered from endocarditis, cardiac operation, trauma or myocardial infarction, and who are not recovering normally. Closing this communication percutaneously should be considered as an option. 
